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ABSTRACT 
The field of gear design is an extremely broad and complex area, and a complete coverage in any 
research work is not possible. In this work only parallel axis spur gear reduction unit which is the type, 
probably encountered most often in general practice, has been considered. A review of relevant 
literature in the areas of optimized design of spur gear indicates that compact design of spur gears 
involves a complicated algebraic analysis. A series of iterations is normally required to arrive at a 
practical combination of pinion teeth and module from their theoretical values. The present work 
describes the development of such a design methodology and diagnostic tool for determining the modes 
of failures for spur gear and also the causes of these failures have been studied. The ray diagram is also 
considered for finding out the minimum diameter and maximum transmission range. The focus is on 
developing a design space which is based on module and pinion teeth by using a simple logical 
statement in computer software. This is a much simplified approach for obtaining practical values of 
the module and pinion teeth for an optimum minimum centre distance between the two transmission 
shafts. Attention has been devoted to determine the exact mode of failure which dictated the design at 
the optimum conditions corresponding to the minimum centre distance for the design of gear reduction 
unit minimum dimensions. 
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1. INTRODUCTION 
Gearbox is an automotive assembly of gears and associated parts by which power is transmitted 
from the engine to a driving axle. The term gearbox is sometimes also refers transmission. When two or 
more gears working in tandem, it’s called transmission. In automotive system transmission generally 
refers to the whole drive train, including gearbox, clutch, propeller shaft, differential, and final drive 
shafts. As the name suggests it is a system to transfer the motive power from engine to wheels. The 
most common use is in the motor vehicles, Where the transmissions adapts the output of the internal 
combustion engine to the drive wheels. 
A gearbox provides speed and torque conversions from a rotating power source to another 
device using gear ratios. Such engines need to operate at a relatively high rotational speed, Which is 
inappropriate for starting, stopping, and slower travel. Most modern gearboxes are used to increase 
torque while reducing the speed of a prime mover output shaft. This means that the output shaft of a 
gearbox will rotate at slower rate than the input shaft, and this reduction in speed will produce a 
mechanical advantage, causing an increasing in torque. A gearbox can be setup to do the opposite and 
provide an increase in shaft speed with a reduction of torque. Some of the simplest gearboxes merely 
change the physical direction in which power is transmitted. Many typical automobile transmissions 
include the ability to select one of several different gear ratios. In this case, Most of the gear ratios are 
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used to slow down the output speed of the engine and increase torque. However, the highest gears 
maybe “overdrive” types that increase the output speed.  
   Gear ratios are calculated by dividing the number of teeth on the output gear by the number of 
teeth on the input gear. So the gear ratio here is output/input, 10/20=1/2=1:2. Gear ratios are often 
simplified to represent the number of times the output gear has to turn once. This is known as gearing 
up. Gearing down is exactly the same only the input gear is now the one with the least number of teeth. 
2. CONSTRUCTION OF GEARBOX 
 Constant gear mesh gearbox employed helical gears for power transmission. The gears are 
rigidly fixed in the lay shaft. To engage the gears with output shaft dog clutch is used. The dog clutch is 
shifted by the selector fork moved by gear lever. To provide reverse gearing a idler gear is used.  In this 
type of gear box, all the gears of the main shaft are in constant mesh with the corresponding gars of the 
counter shaft of lay shaft. 
   Two dog clutches are provided on the main shaft. The dog clutch can slide on the shaft and 
rotate with it. While, all the gears on the counter shaft are rigidly fixed with it. As and when the left 
hand dog clutch is made to slide to the left by means of the gear shift lever, it meshes with the clutch 
gear and the top speed gear is obtained. When the left hand dog clutch meshes with second gear, the 
second gear is obtained. 
  In this type of gear box, all the gears are in contact mesh and hence for this reason, they are 
safe from being damaged and irritating grinding sound does not occur while engaging and disengaging. 
3. DESIGN OBJECTIVES 
          To show the optimum gear ratio of the gearbox that is suitable for higher operating power. 
          To show the significant saving weight of material may be made by use of suitable material. 
          To determine the stress distribution in each gear and to verify the optimum parameter design. 
          To show a significant saving in weight of material may be made by use of various carbon steel               
          materials. 
 
Fig.1 
4.  MATERIAL 
  The material chosen for gearbox is AISI 1018. The reason for choosing material is its 
properties. AISI 1018 mild/low carbon steel as excellent weldability and produces a uniform and harder 
case. AISI 1018 mild/low carbon steel offers good balance of toughness strength and ductility provided 
with higher mechanical properties. 
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5. PROPERTIES 
Table.1 Elements 
ELEMENT CONTENT 
Manganese, Mn 0.60-0.90 
Carbon, C 0.15-0.20 
Sulphur, S 0.05 (max) 
Phosphorous, P 0.04 (max) 
Iron, Fe Balance 
Table 2. Physical Properties 
Properties Metric Imperial 
Density 7.87 g/cm3 0.284 lb/in3 
Table 3.Thermal Properties 
  
 
 
 
Table 4. Mechanical Properties 
PROPERTIES METRIC IMPERIAL 
Tensile Strength 440 Mpa 63800 psi 
Yield Strength 370 Mpa 53700 psi 
Modulus of elasticity 205 Gpa 29700 ksi 
Shear modulus 80 Gpa 11600 ksi 
Poisson’s ratio 0.29 0.29 
Elongation at break (in 50mm) 15% 15% 
Hardness, Brinell 126 126 
Hardness, Knoop (converted from Brinell Hardness) 145 145 
Hardness, Rockwell B (Converted from Brinell Hardness) 71 71 
Hardness, Vickers (converted from Brinell hardness) 131 131 
Machinability (based on AISI 1212 Steel, as 100 
Machinability) 
70 70 
 
PROPERTIES METRIC IMPERIAL 
Thermal 
Conductivity 
51.9 
W/mK 
360 BTU 
in/hr.ft2.oF 
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6. METHODOLOGY 
 
Fig.2 
7. FORMULA USED  
 =   
        Where, 
              i = Speed Ratio 
              N1 = Maximum Speed (rpm) 
              N2 = Minimum Speed (rpm) 
             Z = Total Number of Teeth 
             Z1 = Number of teeth in driving gear 
             Z2 = Number of teeth in driven gear 
 
 
For Design, 
a ≥ (i+1)  
     Where, 
   a = Centre Distance (mm) 
       = Compressive Stress (N/mm2) 
   E = Equivalent young’s Modulus (N/mm2) 
   Mt = Torque Transmitted By Pinion 
m ≥ 1.26  
          For Checking, 
 = 0.74   ≤ [  
 Where, 
         = Compressive Stress (N/mm2) 
     a = Centre Distance (mm) 
     i = Speed Ratio 
     b = Face Width (mm) 
     E = Equivalent young’s Modulus(N/mm2) 
     Mt = Torque Transmitted By Pinion 
       =  [Mt] ≤ [ ] 
       Where, 
         a = Centre Distance (mm) 
         i = Speed Ratio 
         M = Standard Module (mm) 
         b = Face Width (mm) 
         y = Form Factor 
         Mt = Torque Transmitted By Pinion 
          = Bending Stress 
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8. DESIGN CALCULATION 
P = 5KW 
N = 460 rpm 
Calculation of minimum centre distance 
a ≥ (i+1)  
E = 2.15*105 N/mm2 (For Steel) 
i = 1.63 
   Mt = 97420  = 97420  = 1.0589*105 N-mm 
[Mt] = Mt K Kd  
K Kd = 1.3 (for Symmetric value) 
[Mt] = 1.0589*10
5 * 1.3 = 1.34 * 105 N-mm 
 
a ≥ (1.63+1)  = 132.9 mm 
 
 
Calculation of module 
 
m ≥ 1.26  
1 =  20 
y = 0.389 (for z =20) 
 = 10 
m ≥ 1.26  = 3 mm 
Z1=  =  = 35 
Z2 = i*Z1 = 1.63*35 = 58 
Calculation of corrected centre distance 
a=m  = 3*  = 139 mm 
Checking of  and  
 = 0.74   ≤ [  
b =  a = 0.3 * 132.9 = 39.87 ≈ 40 mm 
b =  
b = 40 mm (for safe design) 
 = 0.74  
 
 <  [  
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=  [Mt] ≤ [ ] 
 
y = 0.452 (for z = 35) 
=  *1.34 * =46 N/  
 
 = 46 N/  <  [ ] =140 N/    
  
Hence, the design is safe. 
9. DESIGN PARAMETERS  
4 Speed Gearbox, P = 5KW, Nmin = 460 rpm, Nmax = 1600 rpm 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N &i 
(rpm) 
amin 
(mm) 
acor 
 (mm) 
m 
(mm) 
Z σc (N/mm2) 
σb 
(N/mm2) 
460 
1.63 
132.9 139 3 
Z1=35 
Z2=58 
475 46 
600 
1.58 
121.4
5 
137 3 
Z1=35 
Z2=56 
413 34 
750 
1 
102 105 3 
Z1=35 
Z2=35 
474 37 
950 
1 
94.25 99 3 
Z1=33 
Z2=33 
485 31 
1250 
1.67 
96.77 105 3 
Z1=26 
Z2=44 
459 33 
1600 
1.68 
90 94 2 
Z1=35 
Z2=59 
456 43 
750 
1.67 
114.7
4 
121.5 3 
Z1=30 
Z2=51 
455 38 
950 
1.32 
100 105 3 
Z1=30 
Z2=40 
458 35 
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10. CONCLUSION  
From the above table it is clearly seen that the optimum values arises at N = 950 rpm and gear 
ratio of  1. The Bending Stress ( ) is low at N = 900 rpm with I = 1. The centre distance a = 94.25 
mm So it calculated that the minimum Centre Distance falls within the criteria. Hence the design is 
optimal safe. 
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